INTRODUCTION
The importance of gene flow in preventing differentiation of populations has been debated extensively in recent decades (Mayr 1963 1985a): indirect estimates are generally considerably higher than direct estimates, perhaps due to the effects of rare, long-distance dispersal, or due to the nonequilibrium nature of many natural populations. Nevertheless, the species for which both types of estimates exist are few, making evaluation of these techniques difficult.
Scrub Jays (Aphelocoma coerulescens) range from northern Oregon to southern Mexico, and from central Texas to the Pacific Ocean. Peripherally isolated populations are found on Santa Cruz Island off the coast of southern California, and in peninsular Florida (Pitelka 1951 ). The species is resident in oak woodland or pinyonjuniper woodland throughout much of its distribution, but ranges into other habitats in marginal areas (Peterson and Vargas, in press). Based on marked differentiation in morphology and plumage color, the species is divisible into five discrete "subspecies groups": the californica group (Oregon, California, and Baja California); the woodhouseii group (western Oregon and Wyoming south through the Great Basin and along the lower slopes of the Rocky Mountains and then along the Sierra Madre Oriental and Sierre Madre Occidental to central Mexico); the sumichrasti group (southern Mexico); the Florida populations; and the Santa Cruz Island population (Pitelka 195 1). Each group is strikingly differentiated from all others in a number of plumage and morphological characters (Pitelka 195 1).
[9W I have conducted genetic studies of the species using protein electrophoresis, documenting marked genetic differentiation among populations (Peterson 1990b ). Within subspecies groups, populations are usually genetically similar, differing only in allozyme frequencies. Differences among subspecies groups, however, are stronger, often involving fixed allelic differences among populations. Hence, gene flow appears to be relatively strong on a local scale, but reduced on a regional scale (Peterson 1990b) .
The purpose of this study is to estimate rates of genetic exchange between the coastal (calijbrnica) and interior (woodhouseii) groups of Scrub Jays directly from an independent source of data. Using the marked differentiation in plumage characters between the two forms, I am able to employ a somewhat novel approach to estimating rates of gene flow that focuses on long-distance gene flow. These estimates are then compared to those resulting from the genetic studies.
STUDY AREA AND METHODS
The calijbrnica and woodhouseii groups of Scrub Jays are separated from each other by a series of geographic barriers, chiefly deserts (Fig. 1) Each specimen was identified to subspecies or at least to subspecies group, and label data recorded. Collection localities were later grouped for analysis as follows. The study area was divided into six two-degree latitudinal bands on either side of the desert barrier (WW l-6, EE l-6; Fig. 1 ): these served as the major "source areas" for analysis. Additionally, specimens from 13 areas immediately adjacent to the desert barrier (WZl-9, EZl-4), and four desert zones (Dl-4) were included in the analysis (Fig. 1) .
Rates of gene flow were calculated as the proportion of the total sample from a region that showed influence from the other subspecies group. To the extent that strange individuals were se- lectively collected, these estimates may represent an upper bound on actual rates. These individuals were further divided into "pure" (i.e., putative first-generation immigrants) and "mixed" (apparent products of hybridization between the two forms) individuals, based on the plumage and morphological characters described above (Pitelka 195 1).
RESULTS
Specimens representing immigrants or intergrades are summarized in the Appendix. Eight individuals apparently represent actual first-generation immigrants; of these, seven are woodhouseii jays (subspecies nevadae) collected in California, and one is a calijknica jay (subspecies obscura) collected in southern Arizona. Nineteen additional specimens appear to be intergrades because their plumages are either intermediate or a mixture of traits of the two forms. All intergrades were found west of the desert barrier among californica populations.
Rates of immigration (as indexed by proportional representation of immigrants or intergrades) differ strongly between the two subspecies groups (Table 1) . Several calijixnica samples include a large number of apparent immigrants: proportional representation is as high as 4.7% in populations east of the northern Sierra Nevada, 7.5% in the Little San Bernardino Mountains of southern California, and 16.0% along the west wall of the Owens Valley. All three specimens available from Eagle Mountain in southern California are apparent intergrades (Peterson 1990a ). In contrast, only one apparent immigrant was found among all 546 woodhouseii specimens examined. The overall proportion of immigrants and intergrades is 1.25 x 10e2 in californica populations, and 1.83 x 10m3 in woodhouseii pop- A potentially more serious problem is that the examples of gene flow, especially specimens identified as intergrades, might simply be extreme variants rather than examples of gene flow. I consider this unlikely for two reasons. First, intergrades invariably show influence of the other subspecies group in several characters; e.g., an individual that is exceptionally light gray dorsally in a calzjknica population almost invariably has a straight bill, an indistinct collar, and bluish under-tail coverts. If these characters are segregating independently, such a correlation in their occurrence would not be expected. Second, intergrades are concentrated in the three areas most likely to receive genetic input from woodhouseii populations; no intergrades were detected in coastal areas remote from interior populations. A similar complication is that the "immigrants" might actually be carrying a rare primitive allele that resembles the other form; I consider this unlikely for the same two reasons as for the "extreme variant" problem.
Third, true gene flow must be distinguished from the simple presence of vagrants that are unable to obtain mates and breed (i.e., reproductive isolation). It appears that immigrant Scrub Jays are able to breed, given that at least one (MVZ 84947) had a well-developed brood patch and was feeding young when collected. The presence of numerous intergrades indicates that offspring of such breeding attempts do survive to maturity and breed themselves.
Finally, it is possible that these rate estimates are inflated due to selective shooting of strange In Scrub Jays, a reason for the bias seems evident. Calijbrnica jays live almost exclusively in oak woodlands, whereas woodhouseii jays live mostly in pinyon-juniper woodlands (Pitelka 195 1, Peterson and Vargas, in press). Because pinyon-juniper woodland seems to grade directly into desert habitats, but oak woodland tends to be more separated spatially and distinct structurally from desert, I believe that a stronger psychological barrier to entering desert habitats exists for culifornica jays. Other reasons might include differences in temporal stability of nut crops or availability of breeding space in the two habitats.
The directional bias in gene flow has implications for theoretical treatments. In discretesubpopulation migration models, genetic interchange among subpopulations is usually summarized in a migration matrix. Migration matrices, however can take two forms: the "backward" matrix M, summarizes the proportion of individuals in population i that immigrated from populationj, whereas the "forward" matrix M*,, gives the proportion of offspring in population i in one generation that will breed in population j in the next generation (Slatkin 19SSa ). For mathematical simplicity, theoretical treatments commonly assume symmetry of gene flow, i.e., that M,, = M*, (Slatkin 1985a ). This assumption is clearly not satisfied in the case of Scrub Jays, and if such directional biases are common in other natural populations, the applicability of treatments based on this assumption may need to be reevaluated. However, because of the disparity of immigration rates for calijixnica and woodhouseii populations, an interesting situation exists (Fig.  2) . If effective population sizes fall in the approximate range 100-5 50, then woodhouseii populations should be able to differentiate from the ancestral state by genetic drift (based on the estimate of m for woodhouseii populations), but calijbrnica populations should not (based on minimum and maximum estimates of m for californica populations). In other words, if effective population sizes are similar in the two groups (an assumption that should be tested), due to the asymmetry of gene flow between the two subspecies groups, the rate of differentiation from the ancestral state should be higher in woodhouseii populations than in californica populations. This prediction, however, does not seem to be borne out in preliminary analyses of rates of molecular evolution (Peterson 1990b, in prep.) .
RATES OF GENE
Based on electrophoretic studies of 10 californica, 11 woodhouseii, and 2 sumichrasti populations of Scrub Jays (Peterson 1990b 
